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SEMICONDUCTOR MODULE AND METHOD FOR FABRICATING THE 
SEMICONDUCTOR MODULE 



Background of the Invention: 
Field of the Invention: 
p In electrical and electronic appliances, the appropriate 

10 : electronic circuits are usually constructed in modular form, 

yi 

i.e. from individual semiconductor components or groups of 
w semiconductor components which are each disposed on a common 
j7 substrate and can be prefabricated in order to simplify 
j= assembly of the appliance. In the event of damage, it is also 
lpj easier to exchange modules than individual components or 

entire circuits. 

A stable, reliable and inexpensive configuration is desired 
when building and configuring semiconductor modules of this 
20 type. Moreover, the smallest possible overall size of the 

modules is desired. In particular, the mechanical stability 
and the possibility of dissipating heat that is generated are 
also to be taken into account. 

25 Insulating ceramics that, at least on their top side which 

faces the semiconductor components, have a metal layer which 
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may, for example, be in the form of conductor tracks, are 
typically used as substrate bodies for the semiconductor 
modules of this type. 

One problem with this is that of joining the connections to 
the metal layer of the substrate body in a manner that is as 
durable and stable as possible and has the best possible 
conductivity. 

Summary of the Invention: 

It is accordingly an object of the invention to provide a 
semiconductor module and a method for fabricating the 
semiconductor module which overcome the above-mentioned 
disadvantages of the prior art devices and methods of this 
general type, which has a secure connection to a metal layer 
of the substrate body and good electrical conductivity over a 
prolonged period. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, a semiconductor 
module. The module includes a substrate body having an 
insulating ceramic layer with a top side, and a metal layer 
fixedly joined to the top side of the insulating ceramic 
layer. At least one semiconductor component is disposed 
directly on the substrate body facing the metal layer. The 
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semiconductor component has at least one connection conductor 
joined to the metal layer by welding. 

The invention relates to a semiconductor module having the 
semiconductor component which is disposed directly on the 
substrate body, which has an insulating ceramic and a metal 
layer which is disposed on the top side of the insulating 
ceramic, facing the semiconductor component, and is fixedly 
joined to the insulating ceramic. 

According to the invention, the object is achieved by the fact 
that at least one connection conductor is joined to the metal 
layer by welding, in particular laser microwelding. 

To join connection conductors to a metal layer of a substrate 
body based on an insulating ceramic, it has long been known to 
solder the connection conductors to the metal layer or to form 
the connection conductors as bonding wires which are joined to 
the metal layer by a bonding technique. 

Use of the soldering technique results in a mechanically 
strong joint that is good at dissipating to the substrate body 
heat that is generated, for example, during the soldering 
operation. However, the soldered joint is vulnerable to 
fluctuating mechanical and thermal loads and can become 
detached over the course of time. 
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A joint produced by bonding is considerably more flexible and 
better able to withstand fluctuating loads than a soldered 
joint, but can make scarcely any contribution to the 
dissipation of heat from the semiconductor components. 

A welded joint at this point has the advantage, first, of 
being very strong and able to withstand fluctuating loads, and 
second, partly on account of the nature of the joint between 
the connection conductor and the metal layer, of ensuring good 
heat transfer. An advantage in terms of production 
engineering is that there is no need for any additional 
material, for example in the form of solder, to be introduced 
while the connection conductor is being joined to the metal 
layer . 

The use of the welding technique for the production of 
electrically conductive joints is known in principle, but the 
application of the technique within a semiconductor module on 
a substrate body is not known. Rather, the technique is only 
known for use on a larger scale on printed-circuit boards. 

On account of the small overall size of the semiconductor 
modules, a very precise welding technique is required, as is 
provided, for example by laser microwelding . The laser 
microwelding operation can be fully automated for the 
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production of semiconductor modules according to the 
invention . 

An advantageous configuration of the invention provides for 
5 the insulating ceramic of the substrate body to contain Al 2 0 3 . 

This ceramic is particularly inexpensive and has a good 
insulating performance and low thermal expansion, so that the 
ih mechanical loads that occur in the event of temperature 
101 fluctuations at the joints are kept at a low level. This also 
contributes to the stability of the welded joints. 

Tj A further advantageous configuration of the invention provides 
'''{I for the metal layer to contain copper and/or aluminium. This 
lfu allows good heat transfer from the connection conductors to 

the substrate body and allows the production of a permanent 

welded joint. 

It is particularly advantageous in this context for the 
2 0 substrate body to be configured as a DCB substrate or an AMB 
substrate . 

A direct copper bonded (DCB) substrate formed by bringing a 
copper foil provided with a thin layer of oxide into contact 
25 with an Al 2 0 3 ceramic and heating it until a eutectic molten 
phase is formed at the interface between the copper and the 
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ceramic, with the result that, after the composite body has 
been cooled, an intimate bond is formed between the copper 
layer and the ceramic. 

This fixed joining has the effect of ensuring that the 
composite body overall has a coefficient of thermal expansion 
which is substantially equal to that of the ceramic. 

Therefore, the overall result is a low thermal expansion in 
the event of temperature changes. Therefore, when a DCB 
substrate is being used, the mechanical loads on the 
connection between the metal layer and the connection 
conductors are kept at a particularly low level. 

However, it is also advantageously possible for the insulating 
ceramic to formed of AlN or BeO. 

In accordance with an added feature of the invention, the 
connection conductor is one of a plurality of connection 
conductors each formed of Cu, Al, CuSn and/or CnZn. 

In accordance with another feature of the invention, a coating 
is disposed on the metal layer. 

In accordance with an additional feature of the invention, the 
connection conductor has a foot that is bent at right angles. 
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In accordance with a further feature of the invention, the 
foot has at least one slot formed therein. 

5 In accordance another further feature of the invention, the 
slot has a given width that is approximately equal to a 
thickness of the foot. 

The invention also relates to a method for fabricating a 
ICR semiconductor module having at least one semiconductor 
V; component which is disposed directly on a substrate body which 
p has an insulating ceramic and a metal layer which is disposed 
D on the top side of the insulating ceramic, facing the 
semiconductor component, and is fixedly joined to the 
15- insulating ceramic. 

To achieve the object of creating a reliable and permanent 
connection between the connection conductors and the metal 
layer in as simple a manner as possible, it is provided, 
20 according to the invention, for at least one connection 
conductor to be joined to the metal layer by welding, in 
particular laser microwelding . 

The method is simple and quick to carry out and can be fully 
2 5 automated. No further material has to be introduced as part 

- 7 - 



WMP-EUP-00 8 

of the joining operation. It is easy to monitor and control 
the quality of the joint. 

It is advantageously possible for the connection conductor to 
5 be joined to the metal layer by successive spot welds. 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

llh Although the invention is illustrated and described herein as 
□1 embodied in a semiconductor module and a method for 

Si 

"'-4 fabricating the semiconductor module is nevertheless not 

p 

I... intended to be limited to the details shown, since various 

!H modifications and structural changes may be made therein 

±%L without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
2 0 thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

Brief Description of the Drawings: 
25 Fig. 1 is a diagrammatic, cross-sectional view through part of 
a semiconductor module according to the invention; 
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Fig. 2A is a sectional view showing a welded joint between a 
connection conductor and a metal layer ; 

5 Fig. 2B is a side-elevat ional view showing the welded joint 
between the connection conductor and the metal layer ; 

Fig. 3A is a front elevat ional view of a welded joint in a 
second embodiment of the invention; 

|j Fi 9- 3B is a side-elevational view of the welded joint; and 

Fig. 3C is a plan view of a foot of a connection conductor. 

] f ; Description of the Preferred Embodiments: 

H== In all the figures of the drawing, sub-features and integral 
parts that correspond to one another bear the same reference 
symbol in each case. Referring now to the figures of the 
drawing in detail and first, particularly, to Fig. 1 thereof, 

2 0 there is shown a structure of a semiconductor module with a 
semiconductor component 1, which is disposed directly on a 
substrate body 2. The substrate body 2 is configured as a 
direct copper bonded (DCB) body and contains an insulating 
ceramic 3 made from Al 2 0 3 , which on both sides bears a copper 

25 layer 4, 5, respectively, which is fixedly joined to the 
insulating ceramic 3 . 
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The semiconductor component 1 may be directly adhesively 
bonded or soldered onto the metal layer 4 . According to the 
invention, a connection conductor 7 is welded to the metal 
layer 4 by a microlaser in areas 8, 9. 

On account of the fixed joining between the metal layers 4, 5 
and the insulating ceramic 3, the DCB body is so mechanically 
stable, and is provided with such a low coefficient of thermal 
expansion, that the connection conductor 7 can be joined to 
the metal layer 4 by welding permanently and therefore it is 
able to withstand fluctuating loads. 

Figs. 2A and 2B show a more detailed illustration of the way 
in which the connection conductor 7 is secured and contact is 
made by laser microwelding . 

Fig. 2A diagrammatically depicts the insulating ceramic 3 and 
the copper layer 4 in cross section, as well as an end of a 
connection conductor 7, which at its end facing the substrate 
body 2 is bent over in such a manner that its end 10 runs 
parallel to the surface of the copper layer 4 (see Fig. 2B) . 

At the joining edge which is formed between the end 10 of the 
connection conductor 7 and the copper layer 4, a spot -welded 
seam 11 is formed, by a plurality of successive spot welds, on 
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one side of the connection conductor 7, and a further spot- 
welded seam 12 is formed on another side of the connection 
conductor 7, with the result that the connection conductor 7 
is mechanically securely joined, in an electrically reliable 
manner, to the copper layer 4, with good thermal coupling also 
being ensured. 

The spot-welded seam is produced by a microlaser, as indicated 
by various positions, which are in each case symbolically 
indicated by stars, of the microlaser and of the laser beam. 

Figs. 3A-3C show a variant of the invention, in which the 
welding is carried out from only a single direction with 
respect to the connection conductor, by a laser 14. 
Therefore, during an automatic welding operation, the laser 14 
can in principle remain at a single location or the work 
piece, in the form of the semiconductor module, does not have 
to be moved to a different side of the laser 14, or vice 
versa. The direction in which the laser 14 is disposed is 
diagrammatically indicated in Fig. 3A. To produce a 
multipart, reliable welded joint, it is merely necessary to 
change the angle of incidence of the laser 14 within tight 
limits . 

In this connection, it is advantageous if a foot 15 of a 
connection conductor 13, which is bent off in particular at 
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right angles, has one or more slots 16, 17, at which joined 
edges form between the foot 15 and a copper layer 18 of a 
substrate, which edges can be welded by spot-welded seams. 
The result is a sufficiently long welded seam to create a 
joint between the foot 15 of the connection conductor 13 and 
the copper layer 18 that is very good in terms of its 
mechanical, thermal and electrical properties. 

The use of the described welding technique can be applied 
particularly advantageously for DCB substrates, but can 
conceivably also be applied for AlN substrates or for BeO 
substrates, each with a copper coating or a similar metal 
coating (e.g. aluminium). 

Finally, it may also be advantageous for the connection 
conductors 7, 13 and the metal layer 4, 18 of the substrate 
body 2 to be coated with a metallic or non-metallic coating (s) 
20, such as for example nickel, silver, tin, oxides and the 
like. 
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